A Novel Dietary Source of EPA and DHA: Metabolic Engineering of an Important Freshwater Species-Common Carp by fat1-Transgenesis.
Omega-3 polyunsaturated fatty acids (n-3 PUFAs), such as eicosapentaenoic acid (20:5n-3, EPA) and docosahexaenoic acid (22:6n-3, DHA), are essential for neural development and human health. The n-3 PUFAs are mainly obtained from marine fish by dietary intake. Freshwater fish species usually contain low level of n-3 PUFAs due to the lack of n-3 PUFAs in their food chain. In this study, we report on the substantial production of EPA and DHA in a globally important freshwater fish species, common carp (Cyprinus carpio). This was achieved by introducing an "all-fish" transgene CA:fat1 containing the fish codon-optimized omega-3 desaturase gene (fat1) driven by the common carp β-actin promoter (CA). Through a sperm sample screening method, we successfully generated fat1-positive F1 transgenic population with high efficiency. In F1 population, the muscle contents of ALA (18:3n-3), EPA and DHA were significantly increased when compared with non-transgenic siblings. Thereafter, four independent F2 heterozygous lines were obtained from 4 F1 transgenic males and a detailed comparison of fatty acids profile and growth performance was carried out for these 4 lines. All fat1-transgenic common carps from 4 lines showed an evident decrease in n-6 PUFA contents and a substantial increase in n-3 PUFA contents, among which line 4 stands out, showing a statistically significant increase in all 4 types of n-3 PUFAs including ALA (4.4-fold increase, p < 0.001), EPA (4.8-fold increase, p < 0.01), C22:5n-3 (DPA, 2.4-fold increase, p < 0.05), and DHA (1.9-fold increase, p < 0.05). Therefore, the line 4 was selected as the optimized breeding stock for further study, and the proximate nutrition composition and PUFA synthesis pathway were analyzed. Our study demonstrates that in the transgenic group, the muscular lipid content did not change, while fat accumulations in the internal organs and especially in the liver were significantly decreased as a result of hyperactivation of fatty acid oxidation process. Finally, we conclude that the "all-fish" CA:fat1-transgenic freshwater fish-common carp-can serve as a novel healthy dietary source of n3-PUFAs, especially EPA and DHA.